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Abstract 

This research investigated the impact learning a visual programming language, Visual Basic, has on 
hemispheric cognitive style, as measured by the Hemispheric Mode Indicator (HMI). The question to 
be answered is: will a computer programming course help students improve their cognitive abilities in 
order to perform well? 

The cognitive styles for the right hemisphere involve concrete experiences and creativity while the left 
hemisphere involves abstract and logic thinking. Prior research has shown procedural programming 
involved a left brain hemispheric style thinking. Object-oriented programming has been found to 
require neither left nor right hemispheric cognitive style. Even though Visual Basic contains object- 
oriented components, left brain thinking was found to be required for success in Visual Basic. Prior 
researches were relational studies, and no cause/effect was established. This study found hemispheric 
cognitive style remained the same after a semester course in Visual Basic. College age students' 
cognitive style was not impacted. This may be due to maturation of the brain. 

Since left hemispheric cognitive style is required to be successful in Visual Basic and Visual Basic does 
not create such cognitive style, this research, as well as other research, supports the need for 
prerequisites for Visual Basic to ensure students' success. 

Keywords: cognitive style, cognitive skills, prerequisites, visual programming, curriculum, Visual 
Basic. 


1. INTRODUCTION 

Overview 

In 1984, computer programming was being 
taught because the belief was that learning skills 
would be impacted (Pea & Kurland, 1984). What 
are the cognitive consequences of learning 
computer programming? Will learning a 
programming language impact cognitive style? 
Or has maturation occurred? A prior study by 
van Merrienboer (1990) was unable to force a 


change in thinking style to improve learning 
outcomes. The approach frustrated the subjects. 

Must one have the cognitive style before taking 
programming? There is a need to understand 
how people learn as well as the impact of 
learning. Such understanding may influence 
productivity in computer programming 
languages (Myers, J. P. & Brita, M., 1996). 

Research has shown cognitive styles (how one 
learns) based on hemispheric brain dominance 
are factors in the learning of procedural and 
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object oriented programming languages (Losh, 
1984; Monfort et al, 1990; Ott, 1989; White, 
2002; White & Ploeger, 2004; White & 
Sivitanides, 2005). However, most studies 
focused on relationships between learning style 
and learning outcomes (Ford & Chen, 2001; Lau 
& Yuen, 2009; Petty & Holtzman, 1991) instead 
of cause and effect. 

Learning style consists of several related 
elements, of which, hemispheric brain 
dominance (cognitive style) is one. Dunn 
(2000) developed a Learning-Style Model of 
related elements. These elements composed of 
1) Environmental; i.e. lighting, temperature, 2) 
Emotional; i.e. motivation, persistence, 3) 
Sociological; i.e. prefer alone or group, 
authoritative or collegial, 4) Physiological; i.e. 
auditory, visual, time-of-day, and 5) 
Psychological; i.e. hemispheric, analytic. 
Learning style is broader and encompasses both 
the person and the environment. 

Because learning style encompasses the 
environment, it is easy to see why learning 
styles are related to geographic locations and 
cultural values (McPherson & Willis, 2010; 
Holbrugge & Mohr, 2010). Such elements of 
learning style can be impacted by the 
environment. However, cognitive style 
(hemispheric sides of the brain) is restricted to 
the physical characteristics of the brain. 
Cognitive style is defined as how people perceive 
and process information and experiences (Witkin 
et al., 1977; Tennant, 1988). Chen (2010) found 
different cognitive styles had differed in 
processing the learning. The question is whether 
computer programming can change cognitive 
style (how one learns). 

As compared to cognitive style (how one learns), 
cognitive development is what can be learned. 
Cognitive development is fixed in adulthood 
(Schwebel, 1972), and not all adults reach the 
highest level of cognitive development (Bastain, 
et al. 1973; Griffiths, 1973; Schwebel, 1975). 
Research has shown visual and procedural 
programming courses do not improve/change 
cognitive development (Ignatuk, 1986; Mains, 
1997; Owens & Seiler, 1996; Priebe, 1997; 
White, 2007). Maturation may have occurred. 
This suggests that cognitive style may also be 
fixed in adulthood. One college programming 
course may be too late to alter cognitive style. 
The belief that curriculum can impact cognitive 
characteristics maybe misleading. 
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There has been no research dealing with the 
impact on the cognitive style (how one learns) of 
new languages, such as Visual Basic. Visual 
Basic requires a left brain thinking style (White & 
Ploeger, 2004). This research investigated the 
impact learning a visual programming language, 
such as Visual Basic, has on cognitive 
hemispheric thinking style, as measured by the 
Hemispheric Mode Indicator (HMI). 

Scope and Importance of Study 

How do people learn? "There is a need to 
understand how people learn, not just aptitude. 
Such understanding may influence productivity 
in various programming languages" (Myers & 
Brita, 1996). Understanding the impact of 
cognitive style leads to better cause/effect 
research, teaching treatment research, 
curriculum adjustment, teaching methods, and 
advising of students. Research is needed to 
improve such understanding of the learning 
process and identify students' difficulties with 
programming methods (Myers & Brita, 1996; 
White, 2002). 

Corman, Guynes, and Vanecek (1994-1995) 
stated that a better understanding of cognitive 
style and cerebral dominance provide for greater 
productive information systems. Hudak and 
Anderson (1990) study regarding computer 
science courses, emphasized "the need to 
examine students' cognitive maturity and 
learning style -- factors often ignored in 
research aimed at ascertaining the reasons for 
academic success at the college level." The 
study "highlighted the need to examine both 
cognitive maturity and learning style in the 
studies of academic success at the college level" 
(Hudak & Anderson, 1990). Such research 
enhances industry training and academic 
teaching (Rosson et al, 1990; Scholtz et al., 
1993; Sheetz et al., 1997). 

Prior cognitive research has been with 
procedural and object-oriented languages, such 
as Basic, Pascal, C++, and Java. This research 
will focus on the cognitive style that is involved 
with the programming aspects of Visual Basic. 
The findings and conclusions from this study 
establish a foundation in the research of 
programming languages influences on cognitive 
style. 
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2. LITERATURE REVIEW 

Visual Basic Programming 

Visual Basic (VB) is an enhancement of BASIC, a 
regular procedural language (Pietromonaco, 
2002; Shelly, et al, 2003). VB has the added 
features of visual object-oriented components 
and the code for the procedural structures of 
sequence, iteration, and selection. An example 
of a visual object is a button. It has 
encapsulated properties and event procedures 
(Nelson, 1993; Schneider, 1999). VB has 
"public" and "private" procedures like object- 
oriented programming languages' public and 
private methods. Procedural languages lack such 
characteristics. The literature supports the idea 
that VB is different from procedural 
programming. (Buchner, 1999; Grehan, 1996a; 
Grehan, 1996b; Llewellyn et al, 2002; Spain, 

1996) . O'Brian (2004) describes VB as an 
object-oriented programming language, rather 
than a language like BASIC, C, or COBOL. Kai & 
McKim (1998) described how object-oriented 
programming can be performed in VB. Because 
of its object-oriented methods and procedures, 
VB requires a different mindset from other 
programming languages (Shirer, 2000). 

Although VB contains object-oriented 
components, it is not hemispheric independent 
like other object-oriented languages, like Java 
and C++ (White, 2001, 2002). Left brain 
thinking is required for success in VB (White & 
Ploeger, 2004). Like other studies addressing 
cognitive development (what can be learned) 
and programming languages, a semester course 
of VB does nothing to cognitive development 
(White, 2007). Is this also true for cognitive 
style (how one learns)? 

Hemispheric Cognitive Style Component 

There is a relationship between cognitive style 
and brain hemisphere dominance (Diehl, 1986; 
Petty & Holzman, 1991). The right brain 
functions differently from the left brain (Bryden, 
1990; Herrmann, 1982; McCluskey, 1997; Saleh 
& Iran-Nejad, 1995; Supprian & Hofmann, 

1997) . This is known as hemisphericity (Andrew, 
1999; Losh, 1984). 

The right side of the brain seems to handle 
concrete experiences and the left side of the 
brain seems to process abstract conceptions 
(Diehl, 1986). Another study showed the left 
brain is the logical cognitive side and the right 
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brain is the creative cognitive side (Herrmann, 
1981). Other studies have shown that the left 
side of the brain also deals with logical cognition 
(Dumas & Morgan, 1975; Lawson & Wollman, 
1975), and logical cognition has been found to 
be related to procedural programming (Folk, 
1973; Galton, 1992; Sperschneider & Antoniou, 
1991; Myers, 1990; Gibbs & Tucker, 1986). 

As expected, procedural programming students 
are left hemispheric brain dominant (Losh, 
1984). A study by Monfort, Martin, & 
Frederisckson (1990) found music, art, oral 
communication and journalism students to be 
right brain dominant while computer science and 
mathematics students were found to be left 
brain dominant. Armstrong and Hird (2009) 
found entrepreneurs tended to be right brain 
(intuitive and less analytic). 

Ott (1988) supports the above findings: left 
brain dominance in high school students 
correlated with the procedural programming 
grades. However, math scores of the Scholastic 
Aptitude Test (SAT-M) correlated much higher 
with procedural programming grades. Math is a 
left brain characteristic (Rotenberg & Arshavsky, 
1997). 

It is easy to see why left hemispheric brain 
thinkers make good computer programmers. As 
the above research findings indicated, 
procedural programming involves logical 
thinking and logical thinking is a function of the 
left hemispheric brain. There is a relationship 
between hemispheric styles and computer 
programming. 

However, unlike procedural programming and 
VB, object-oriented languages are hemispheric 
independent (White, 2001, 2002). There is no 
relation between object-oriented languages and 
cognitive style based on hemisphericity. 

3. METHODOLOGY 
Null Hypotheses 

Based on the literature review and prior 
research, the following hypotheses were 
established. 

HI: A Visual Basic programming course does not 
change cognitive style, as measured by Pre- and 
Post-HMI scores. This is the main focus of this 
study. 
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H2: Those that did not take the post- 
Hemispheric Mode Indicator (HMI) had Pre- HMI 
scores equal to the Pre-HMI scores of those that 
took the post-HMI. This was to resolve the 
question that those who dropped out did so 
independent of cognitive style. 

Instruments 

The Hemispheric Mode Indicator (HMI) deals 
with the cognitive aspects of hemispheric 
dominance. The HMI has been used to study 
academic performance and learning styles in 
business and accounting courses (Carthey, 
1993). 

The 1999 HMI from EXCEL, Inc. defines left 
hemispheric dominate as tending to be analytic 
readers, preferring multiple choice tests, seeing 
cause and effect. Such thinking style tends to 
organize information. Right hemispheric 
dominant cognitive style tends to synthesize, 
prefer open-ended questions, are analogical, and 
draw on unbounded qualitative patterns. 
Characteristics for Left/Right Hemispheric 
cognitive styles include: rational vs. intuitive, 
logical vs. hunches, differences vs. similarities, 
and objective vs. subjective judgments 
(Lieberman, 1986; Learning, Inc. 2000; White, 
2002 ). 

The time to administer the HMI is 15 minutes. 
The subject is able to evaluate his/her responses 
to determine hemispheric characteristics and 
cognitive style (Learning, Inc. 2000; White, 
2002) through 32 self-reporting questions in the 
HMI. A score, between +60 to -60, is calculated. 
This determines if the subject is right (> +8), 
left (< -8), or whole brain (between +8 and -8) 
dominant (Lieberman, 1986). Carthey (1993) 
cited Lieberman's (1986) study that showed the 
HMI has validity (Carthey, 1993). The content 
validity from Lieberman (1986) was based on a 
review of the literature themes in the area of 
brain hemisphere dominance (Lieberman, 1986). 

A Cronbach's Alpha, which measures the internal 
consistency reliability, is 0.90, and a test-retest 
reliability had a Pearson Product Moment 
Correlation coefficient of 0.904 (Lieberman, 
1986). Content validity was based on 
correlations with the Torrance measure, "Your 
Style of Learning and Thinking," Form C. The 
Spearman rank correlation coefficient was 
0.819. The Pearson Product-moment correlation 
was 0.659 (Lieberman, 1986). 
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Hartman and Hylton (1997) showed HMI's 
validity and reliability. Correlations for two 
groups of subjects (r = .61 and r= .69) were 
found with the Human Information Processing 
Survey (Hartman & Hyton, 1997). Acceptable 
concurrent validity was established. A reliability 
coefficient correlation of r = .74 came from test- 
retests methods. All correlations were 
statistically significant. 

Subjects 

HMI forms and release/survey forms were 
provided to 87 college students in two sections 
of a first programming course in Visual Basic v6 
at a central Texas university. The course 
covered visual objects, controls, events, data 
types, and procedures. Procedures included 
logical operations, repetition, and arrays. Six 
programming assignments were required. The 
prerequisite for this Visual Basic v6 course was a 
computer literacy course dealing with word 
processing, spreadsheets, and web browsers. 
Participation was voluntary and anonymous. 
Course content, instructor, and test were kept 
constant in an effort to reduce statistical error 
variance. The data collected were Pre and Post 
HMI scores ranging from -60 to +60. 

Data collection and recording 

Release and HMI forms were distributed at the 
beginning of the semester to two course sections 
of Visual Basic. Data was obtained only from 
those in class who signed the release. At the end 
of the semester, post-treatment scores were 
obtained. Of the 87 subjects who signed the 
release forms, 51 completed both the Pre-HMI 
forms and the Post-HMI forms. 

4. DATA ANALYSIS 

The SPSS package was used for data analysis. 
Means, standard deviations, a t-Test, and a 
paired samples correlations were performed on 
the Pre- and Post-HMI scores. 

Because of the possibility that the 36 students, 
who took the Pre-HMI and not the Post-HMI, 
may have had different Pre-HMI scores with 
those who did both Pre- & Post-HMI, a t-test on 
the Pre-HMI scores was performed. The purpose 
was to determine if the 36 were significantly 
different in cognitive style. 
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5. RESULTS 

Table 1 indicates no significant difference 
between the 51 pairs of Pre and Post-HMI 
scores. Table 2 shows the responses were 
consistent between the administrations of the 
HMI. The first null hypothesis (HI) is tenable. A 
one semester VB programming course does not 
change cognitive style, as measured by Pre- and 
Post-HMI scores. Since there was no effect, a 
control group is unnecessary to confirm an 
effect. 

Students, who did not complete the treatment, 
may have dropped because the course did not fit 
their cognitive style. When van Merrienboer 
(1990) tried to change thinking style to improve 
learning outcomes, subjects were frustrated. 
Table 3 shows the group statistics of those who 
completed HMI forms and those who did not. 
There was a wide range of scores for each 
group, as indicated by the standard deviation. 
To see if there was a difference between groups, 
a variance assumed t-Test on the Pre-HMI 
inventory was performed. It showed no 
significant difference between the two groups 
(t= 1.009, df = 85, p< .366 two-tail). The 
second null hypothesis (H2) is tenable. Those 
that did not take the post-Hemispheric Mode 
Indicator (HMI) had Pre- HMI scores equal to the 
Pre-HMI scores of those that took the post-HMI. 

6. DISCUSSION 

Matching cognitive styles affects learning 
outcomes (Ford & Chen, 2001). Students placed 
in classes that best fit their cognitive 
characteristics (style and level) have a higher 
probability of success (White, 2002). Research 
has shown cognitive development/abilities (what 
can be learned), cognitive styles (how one 
learns) based on hemispheric brain dominance, 
and prior experiences are factors in the learning 
of procedural programming languages (Cafolla, 
1987; Evans & Simkin, 1989; Fletcher, 1984; 
Gibbons, 1995; Ignatuk, 1986; Little, 1984; 
Losh, 1984; Monfort et al, 1990; Ott, 1989; Wu, 
1993). White (2002) showed VB as left 
hemispheric thinking style even though the 
language contains object-oriented components. 
Left hemispheric dominance style is an 
important indicator of success for VB (White & 
Ploeger, 2004). However, can learning impact 
students' cognitive style? 

Like cognitive development (what can be 
learned), cognitive style (how one learns) is also 
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most likely fixed in adulthood, van Merrienboer 
(1990) study was unable to force a change in 
thinking style to improve learning outcomes. 
Like cognitive development, cognitive style in 
adulthood may have reached maturation or such 
non-impact was possibility due to a short 
treatment period. 

Limitations: 

A presumption is that if the course did have a 
positive impact on cognitive style, the students 
would most likely complete the Post-HMI forms. 
However, 31 subjects did not complete the Post- 
HMI forms. The reasons could have dropping out 
as a result to frustration due to thinking style 
conflict, poor time management, poor study 
habits, absent on the day Post-HMI was given, 
and/or a lack of motivation. Since there was no 
statistical significance difference between Pre- 
HMI scores of those that completed the post- 
HMI forms and those that did not, the 
presumption of frustration due to thinking style 
conflict is not supported. The second null 
hypothesis (H2) addressing this issue was found 
to be tenable. 

The length of treatment was only a one 
semester course. Improvement may occur after 
years of constant treatment. Such a possibility 
could be hidden from the results due to sample 
size. A larger sample size may indicate such an 
effect, although small. However, if full 
maturation occurred, there will be no 
improvement or change. Most students, who 
were over the age of 18, in this study may have 
reached maturation while a few may not have. 

7. CONCLUSION 

This study indicates students need to have the 
correct cognitive style in order to succeed in a 
VB programming course. Such a course does not 
change cognition to the correct thinking style. To 
argue that allowing any student into 
programming, because they will develop the 
cognitive style needed, is a mistake. Students 
must already have the needed cognitive style to 
succeed in programming. Students placed in 
classes that best fit their cognitive style have a 
higher probability of success (White, 2002). As 
stated in White (2007), "the implication is that 
programming courses need prerequisites." 
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8. FUTURE RESEARCH 

Based on prior research over the decades and 
this research, it is clear that certain cognitive 
abilities are needed to learn programming. 

Future research needs to look at what 
prerequisites are needed to ensure success in 
computer programming. 
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Appendix 

Tables 

Table 1. Score means. Standard Deviations. Paired Sample t-Test N = 51 

Sig. (2-tail) 
294 

Table 2. Paired Samples Correlations N = 51 

Pairs Correlation Sig 

Pre & Post HMI .518 .000 


Pre 


Post 


HMI 


Mean 

-3.6275 


SD 

12.0083 


Mean 

-1.8627 


SD 

12.2148 


t 

-1.060 


df 

50 


Table^^roujj^tatisticsforPre^MI^cores. 



N 

Mean 

Std. Deviation 

Std. Error 
Mean 

Pre-HMI Not 

scores Completed 

36 

-.8889 

13.09913 

2.18319 

Completed 

51 

-3.6275 

12.00827 

1.68149 
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